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Purpose: To describe 12-month intraocular pressure (IOP) and medication use outcomes

following excisional goniotomy (EG) as a stand-alone procedure in eyes with medically

uncontrolled glaucoma.

Methods: This was a retrospective analysis of data from surgeons at 8 centers (6 US, 2

Mexico). Eyes with glaucoma undergoing standalone EG with a specialized instrument

(Kahook Dual Blade, New World Medical, Rancho Cucamonga, CA) for IOP reduction

and followed for 12 months postoperatively were included. Data were collected preopera-

tively, intraoperatively, and 1 day, 1 week, and 1, 3, 6, and 12 months postoperatively. The

primary outcome was reduction from baseline in IOP, and key secondary outcomes included

IOP-lowering medication reduction as well as adverse events.

Results: A total of 42 eyes were analyzed, of which 36 (85.7%) had mild to severe primary

open-angle glaucoma (POAG). Mean (standard error) IOP at baseline was 21.6 (0.8) mmHg,

and mean number of medications used at baseline was 2.6 (0.2). At 3, 6, and 12 months

postoperatively, mean IOP reductions from baseline were 4.6 mmHg (22.3%), 5.6 mmHg

(27.7%), and 3.9 mmHg (19.3%) (p≤0.001 at each time point). At the same time points,

mean medications reductions of 0.7 (25.8%), 0.9 (32.6%), and 0.3 (12.5%) medications were

seen (p<0.05 at months 3 and 6, not significant at month 12). Six eyes (14.3%) underwent

additional glaucoma surgery during the 12-month follow-up period.

Discussion: Standalone EG with KDB can reduce IOP, and in many cases reduce medica-

tion use, through up to 12 months in eyes with mild to severe glaucoma. Statistically

significant and clinically relevant reductions in IOP were seen at every time point. While

the goal of surgery was not to reduce medication burden, mean medication use was

significantly reduced at all but the last time point. In the majority of eyes, the need for a bleb-

based glaucoma procedure was delayed or prevented for at least 12 months.
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Introduction
Efforts to develop a safer form of surgery for intraocular pressure (IOP) reduction

in eyes with glaucoma have led to the development of a family of new devices and

procedures that offer a more favorable safety profile than trabeculectomy, although

with generally less efficacy.1–4 The improved safety profile of these procedures over

trabeculectomy is largely attributable to their avoidance of bleb formation, a well-

established source of long-term vision-threatening complications.5 With improved

safety, these procedures are being utilized in a broadening array of patients, both as

standalone procedures and in combination with cataract extraction, in whom glau-

coma surgery might not otherwise be indicated, particularly those with mild or
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moderate glaucoma. In such patients, therapeutic goals

may include modest IOP reductions, or reduction in the

IOP-lowering medication burden. These modest goals may

not justify the risks associated with traditional trabeculect-

omy or tube-shunt surgery but can be safely achieved in

most eyes with a less invasive procedure.

These novel procedures were initially designed to bypass

the diseased trabecular meshwork (TM) that impedes aqu-

eous humor outflow leading to elevated IOP.6 This was

accomplished either by direct bypass of the TM—shunting

aqueous into Schlemm’s canal distally—or by diverting aqu-

eous into the supraciliary space to utilize the uveoscleral

drainage pathway.1–4 More recently, procedures that deliver

aqueous through a shunt to the subconjunctival space have

been developed;7,8 these procedures require the formation of

a filtering bleb, trading the safety associated with blebless

procedures for potentially greater efficacy.

MIGS procedures may or may not involve the

implantation of a permanent device in the eye to serve

as a shunt for aqueous transport. The iStent and iStent

Inject (Glaukos, San Clemente, CA)9,10 and Hydrus

(Ivantis, Irvine, CA)11 are permanent implants that

bypass the TM and deliver aqueous to Schlemm’s

canal, while the CyPass (Alcon, Ft. Worth, TX; now

withdrawn from the marketplace over late-appearing cor-

neal safety issues)12,13 was a stent connecting the ante-

rior chamber to the supraciliary space. In contrast,

procedures such as incisional goniotomy, gonioscopy-

assisted transluminal trabeculotomy (GATT) and ab

interno trabeculotomy are performed with surgical

devices that are withdrawn at the conclusion of the

procedure, and excisional goniotomy is performed with

a specially designed disposable blade (Kahook Dual

Blade [KDB], New World Medical, Rancho

Cucamonga, CA) that is also withdrawn once the proce-

dure is complete.

Excisional goniotomy with the KDB at the time of

cataract surgery has been well described.14–22 The combi-

nation procedure lowered IOP by 12–27% and medica-

tions by 21–71% 6–12 months after surgery in eyes with

open-angle glaucoma.14–20 These wide ranges reflect vari-

able indications for surgery between and within studies,

with some eyes undergoing surgery primarily for IOP

reduction (in which medication reduction might not be

expected), and others for reduction in medication burden

(in which IOP reductions might not be expected). In stu-

dies that account for patient-specific surgical goals, IOP

reductions of 40% and medication reductions of 60% have

been reported.15,16

Fewer studies have evaluated excisional goniotomy

with the KDB as a standalone procedure. These studies

have reported IOP reductions of 24–36% and medication

reductions of 26–40% six23,24 or twelve20 months after

surgery. In this paper, we report the extended 12-month

reductions in IOP and medication use following standa-

lone excisional goniotomy with the KDB in a cohort pre-

viously described in a 6-month analysis.23

Methods
This was a retrospective analysis of data from the medical

records of patients with medically treated glaucoma under-

going standalone excisional goniotomy using the KDB.

A de-identified data set was analyzed, and the study was

granted a waiver of informed consent from a central ethics

committee (Sterling IRB, Atlanta, GA). Data were col-

lected from 8 surgeons at 8 centers (6 within the United

States and 2 in Mexico).

Subjects included in this analysis were ≥18 years of age,
phakic or pseudophakic, with any type and severity of glau-

coma, with inadequate IOP control using at least 1 and up to

3 IOP-lowering medications. Indications for surgery

included reduction of IOP, reduction of IOP-lowering med-

ications, or both. Patients with a recent history (within 3

months) of IOP-lowering medication addition, laser trabecu-

loplasty, iridotomy, or initiation of systemic beta-blocker

therapy were excluded, as were patients with previous glau-

coma surgery, and those with uncontrolled systemic condi-

tions that might confound study measurements. Both eyes of

a given patient were included if both qualified.

Surgical technique was not standardized in this retro-

spective study. Each case was performed according to the

manufacturer’s directions for use. Excisional goniotomy

with the KDB has been described previously.14,23

Following entry into the anterior chamber through

a peripheral corneal incision, the KDB’s distal tip pierces

the TM, entering Schlemm’s canal, and is advanced along

the canal, which elevates and guides the TM onto two

parallel blades that excise a strip of TM,25 leaving

a clear path for aqueous humor to drain into Schlemm’s

canal and the distal collector channels. Standard post-

operative antimicrobial and anti-inflammatory prophylaxis

were administered per each surgeon’s preference.

Preoperative data collected included patient demo-

graphic information, glaucoma type and severity, past ocular

history, current IOP-lowering medications, and baseline
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visual acuity (VA) and IOP. Intraoperative adverse events

were recorded. Postoperative data included current ocular

and systemic medications, VA, IOP, adverse events, and any

secondary surgical interventions for IOP control at 1 day, 1

week, and 1, 3, 6, and 12 months postoperatively.

The primary efficacy outcome of this study was IOP

reduction from baseline. Paired t-tests were used to com-

pare mean IOP at each time point to baseline. The change

from baseline in the number of IOP-lowering medications

was a secondary efficacy endpoint and was analyzed simi-

larly to IOP. Means are reported ± standard error (SE).

Safety analysis consisted of the incidence of intraoperative

and postoperative adverse events. As the study endpoints

are descriptive rather than designed to test a specific

hypothesis, formal power and sample size calculations

were not performed.

Results
A total of 42 eyes of 35 subjects were included in this

analysis. Baseline demographic and glaucoma status are

given in Table 1. The majority of subjects were Caucasian,

female, and had mild to severe primary open-angle glau-

coma (POAG) as described in the International

Classification of Diseases-10.

Mean (standard error) IOP at baseline was 21.6 (0.8)

mmHg in study eyes and from Day 1 through 12 months of

postoperative follow-up ranged from 14.7 (0.7) to 16.5 (0.8)

mmHg, representing reductions of 3.9–6.1 mmHg (14.9–-

25.6%, p≤0.001 at each time point versus baseline) (Table 2

and Figure 1). Significant reductions in IOP were evident as

soon as Day 1 postoperatively and remained significant

throughout follow-up. At Month 12, 59.5% (25/42) of

patients had achieved IOP ≤18 mmHg and 42.9% (18/42)

had achieved a ≥20% IOP reduction from baseline.

At the time of surgery, study eyes required a mean of 2.6

(0.2) IOP-lowering medications (Table 2). Through 12

months of follow-up, mean medication reductions of 0.3 to

0.9 were seen; these medication reductions were significant

(p≤0.028) at all time points except Month 12 (mean 2.2

medications, 0.3 medication reduction [14.6%], p=0.18).

ByMonth 12, 40.5% (17/42) of eyes were able to discontinue

the use of 1 or more IOP-lowering medications.

Goniotomy using the KDB was safe and well tolerated.

Intraoperative and early postoperative complications in

this cohort were reported previously and included

a single intraoperative Descemet’s tear and three cases of

postoperative IOP elevation, one of which resolved with

medical therapy and two of which necessitated additional

surgery.23 No new adverse events were noted between 6

and 12 months postoperatively. Overall, through 12

months of follow-up, 6 eyes required additional glaucoma

surgery (Table 3), including 4 trabeculectomies (2 with

Ex-Press mini-shunt [Alcon Laboratories, Fort Worth,

TX] and 2 Ahmed valve implantations (New World

Medical, Rancho Cucamonga, CA)).

Discussion
In eyes with medically uncontrolled mild to severe glau-

coma, excisional goniotomy with the Kahook Dual Blade

provided significant and sustained IOP reductions aver-

aging 4–6 mmHg through 12 months of follow-up. In

these eyes undergoing surgery primarily for IOP reduction,

significant medication reductions of 19–28% were

achieved through 6 months of follow-up, although medi-

cation reductions were not significant at Month 12.

Overall, 85.7% of eyes (36/42) were able to avoid more

invasive glaucoma surgery during the 12-month postopera-

tive period.

Two prior studies of excisional goniotomy with the

KDB, both retrospective and varying from 6 to 12 months

in duration, have evaluated the procedure’s efficacy when

performed as a standalone procedure.20,24 These studies

Table 1 Demographic and Baseline Glaucoma Status Data

Parameter Value

Age, years (SE) 71.3 (1.8)

Gender, n (%)

Female 25 (59.5)

Male 17 (40.5)

Ethnicity, n (%)

White 19 (45.2)

Black 13 (31.0)

Hispanic 9 (21.4)

Asian 1 (2.4)

Glaucoma type, n (%)

POAG 36 (85.7)

Pigmentary glaucoma 3 (7.1)

Exfoliation glaucoma 2 (4.8)

Angle-closure glaucoma 1 (2.4)

Glaucoma severity, n (%)

Mild 8 (19.0)

Moderate 26 (61.9)

Severe 8 (19.0)

Abbreviations: SE, standard error; POAG, primary open-angle glaucoma.
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reported mean IOP reductions ranging from 24% to 31%

and mean medication reductions ranging from 26% to

37%. A 6-month analysis of subjects included in the

current 12-month analysis reported mean IOP reductions

of 30–44% and mean medication reductions of 40% at

Month 6.23 The 6-month analysis included a stratified

subgroup analysis of patients with high versus low base-

line IOP (above versus below the sample median) under

the assumption that surgical goals in high IOP eyes are

IOP reduction and in low IOP eyes are medication reduc-

tions; in this analysis, IOP reduction in high IOP eyes was

46% and medication reduction in low IOP eyes was

36%.23 The results of the current study are generally con-

sistent with these prior reports; of note, the baseline IOP in

the current study (21.6 mmHg) was higher than in either of

the prior 2 studies (18.4–20.4 mmHg).20,24

These results also compare favorably to outcomes with

other incisional and excisional trabecular meshwork-based

procedures. Standalone incisional goniotomy with the

Trabectome has been reported to produce mean IOP reduc-

tions of 23–39%26,27 and medication reductions of 7-

43%.27–31 Gonioscopy-assisted transluminal trabeculot-

omy can lower IOP 28–44% and medications

28–70%,32–37 while ab interno trabeculotomy produces

IOP reductions of 31–32% and medication reductions of

35–82%.38,39

With so many novel glaucoma surgeries available, the

significance of glaucoma severity on the choice of surgical

procedures to perform is incompletely characterized. Some

procedures—such as the trabecular microbypass40 and the

Schlemm’s canal stent41 are indicated per their label in

eyes with mild to moderate open-angle glaucoma. The

Table 2 Mean IOP and Medication Data at Each Time Point

Baseline Day 1 Week 1 Month 1 Month 3 Month 6 Month 12

N (IOP) 42 41 33 36 26 36 35

Mean (SE) IOP 21.6 (0.84) 15.4 (0.97) 16.1 (1.16) 15.9 (0.87) 16.1 (1.32) 14.7 (0.71) 16.5 (0.77)

Mean (SE) IOP change from baseline — −6.12 (1.20) −4.82 (1.20) −4.94 (0.86) −4.61 (1.09) −5.64 (0.82) −3.94 (1.10)

Mean (SE) % IOP change from baseline — −25.1 (4.84) −20.0 (5.73) −22.2 (3.75) −21.6 (4.51) −25.6 (3.15) −14.9 (5.38)

P (IOP mean change from baseline) — <0.0001 0.0004 <0.0001 0.0003 <0.0001 0.0010

N (Medications) 42 42 34 35 26 35 35

Mean (SE) medications 2.55 (0.22) 1.83 (0.24) 2.12 (0.24) 2.14 (0.22) 1.92 (0.27) 1.80 (0.22) 2.20 (0.16)

Mean (SE) medication change from baseline — −0.71 (0.23) −0.73 (0.28) −0.71 (0.25) −0.69 (0.30) −0.86 (0.24) −0.31 (0.23)

Mean (SE) % medication change from baseline — −24.7 (9.48) −18.5 (10.13) −21.1 (8.86) −22.2 (10.85) −27.7 (8.91) −14.6 (7.38)

P (medication mean change from baseline) — 0.0040 0.0124 0.0083 0.0284 0.0011 0.1828

Abbreviations: IOP, intraocular pressure; SE, standard error.

Figure 1 Mean intraocular pressure (IOP) at each time point, n=42 eyes (error bars represent standard error).
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KDB’s label is not restricted by the severity or type of

glaucoma which it can be used to treat. Standalone exci-

sional goniotomy with the KDB has been shown to pro-

duce mean IOP reductions of 24% and medication

reductions of 44% in a prior study.24 In the current study,

six eyes (1 mild, 4 moderate, and 1 severe) required

additional glaucoma surgery; corresponding failure rates

by severity were thusly 12.5% for mild cases, 15.4% for

moderate cases, and 12.5% for severe cases.

Limitations of the current analysis include its retrospec-

tive nature and the lack of a control group. Absent an active

control, we have attempted above to benchmark the findings

of this study with those of other procedures as reported in the

literature. The standalone nature of the procedure is

a strength of this analysis, as there are few studies evaluating

the effects of new glaucoma procedures performed on their

own, without the confounding effect that cataract surgery has

on both IOP and medication use in glaucomatous eyes.42

Extending follow-up through 12 months builds on a prior

report of 6-month outcomes in this data set23 and provides

longer-term data to guide surgical decision-making for this

chronic disease. Also, this data set was derived frommultiple

surgeons; while this can be considered a limitation in that

procedures may not have been robustly standardized, there is

also value in assessing the outcome of the procedure in

a multi-surgeon, real-world setting where such standardiza-

tion would be artificial.

In summary, excisional goniotomy with the KDB as

a standalone procedure can reduce IOP, and in many cases

reduce medication use, through up to 12 months in eyes

with mild to severe glaucoma. Statistically significant and

clinically relevant reductions in IOP were seen at every

time point. While the goal of surgery was not to reduce

medication burden, mean medication use was significantly

reduced at all but the last time point. In the majority of

eyes, the need for a bleb-based glaucoma procedure (and

its attendant long-term risks) was delayed or prevented for

at least 12 months.
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